SINCE Addison
reported autopsy findings in persons with skin hyperpigmentation and adrenal gland disease in 1937, autopsy was, for a long time, the only way to examine the adrenal morphology of Addison's disease [1] [2] [3] . In Addison's disease due to tuberculosis, adrenal enlargement was in the form of a caseous necrotic granulomatous mass, and adrenal atrophy indicated complete destruction of the gland [1] [2] [3] . A promising technique has been computed tomographic (CT) scanning, which demonstrates morphological changes in either atrophic or enlarged glands [4] [5] [6] [7] [8] [9] . McMurry et al. reported that two cases of tuberculous
Addison's disease with recent onset had enlarged glands [5] . Based on a study involving one CT scanning and seven autopsies, Vita et al. reported that seven of eight patients with tuberculous Addison's disease of no greater than two years' duration had enlarged glands, whereas patients with longer disease duration had smaller or normal-sized glands [9] . Conjecture about the time of adrenal disease onset may be clinically important because of potential recovery from adrenal insufficiency due to early treatment with antituberculous drugs [10, 11] , or treatment for South American blastomycosis [12] . This study was designed to learn more about time-sequential changes from onset to later periods in tuberculous Addison's disease by means of CT scanning, which has not yet been precisely examined. We also report CT findings on idiopathic Addison's disease at onset for the first time, to the best of our knowledge, which we found to be distinct from that in tuberculous Addison's disease and therefore to be useful for differential diagnosis.
Patients and Materials
The twelve patients with Addison's disease studied had low plasma and urinary cortisol levels and a high plasma ACTH level. ACTH stimulation test failed to raise the plasma cortisol level. CT examination with a TOSHIBA TCT-60A or TCT-900S, with sections taken 0.5 cm apart and a scanning time of 4.5 or 2 sec, was performed. Adrenal gland size on CT scanning was measured at the section where the adrenal mass appeared largest. We judged that the gland was enlarged when it was wider than 2.5 cm or thicker than 1 cm, based on the report of normal adrenal size in CT scanning [13] . The gland was judged to be atrophied when it was difficult to see or not visible.
Eight four patients examined within two years of Addison's disease onset, patients 1-3 (75%) were found to have bilaterally enlarged glands (Fig. 1) , and the rest (patient 4) had a unilaterally enlarged gland. During the four years after onset, at least one adrenal gland in all patients examined (patients 1-6) became enlarged (Fig. 2) . After more than four years, the gland atrophied (Fig. 3) or was slightly reduced in size. Adrenal calcification, observed in 5 of 8 patients with tuberculous Addison's disease, was not related to disease duration. The calcified adrenal glands became only slightly smaller, if at all, as shown in patients 4-6, suggesting that adrenal calcification represents the final stage in adrenal inflammation. Patients 9-12 were diagnosed as having idiopathic Addison's disease. Their adrenal glands were no longer bilaterally visible by the time of disease onset (patients 9 and 10) (Fig. 4) . Adrenal calcification was not observed in any of the four patients.
Discussion
In a recent Japanese survey study of about 128 patients with Addison's disease from 1982 to 1986, the incidence of tuberculous Addison's disease was 59%, and of idiopathic Addison's disease was 33% [14] . We compared the findings in adrenal CT scanning for these two major causes of Addison's disease. At least one gland was enlarged in patients with tuberculous Addison's disease during the initial four years following disease onset. Particularly during the first two years, bilateral adrenal glands were enlarged in three quarters (75%) of patients who had tuberculous Addison's disease. On the other hand, the adrenal gland in idiopathic Addison's disease atrophied at onset. Our findings thus showed the usefulness of CT scanning for differentiating tuberculous and idiopathic Addison's disease during the initial four years-the most important period for diagnosis. Bilateral adrenal glands eventually atrophied even in tuberculous Addison's disease, making a differential diagnosis difficult more than four years after disease onset. CT scanning is the most sensitive imaging method available for detecting calcification [15] . Adrenal calcification may be another useful clue in tracing pathogenesis, although it does not indicate the disease onset and is not observed in all tuberculous Addison's patients. Adrenal calcification may also suggest other relatively rare diseases such as histoplasmosis, cancer, and bleeding, but not idiopathic adrenal atrophy.
It may be argued that hormone supplements alter CT findings in some way. However, since in Addison's disease the adrenal gland is already atrophied or occupied by granulomatous tissue, the influence of small supplemental doses of glucocorticoids appears neligible. Antituberculous treatment may modify the CT findings, however. In our study, patients 1 and 3 were treated with antituberculous drugs for short periods: 8 months in patient 1 and after CT scanning in patient 3. Our conclusions are therefore not influenced by antituberculous treatment. In addition to hormone supplements, patients with active tuberculous adrenalitis also receive antituberculous treatments since those treated early my possibly recover adrenal function [9] [10] [11] . Although our results do not fully support the above assumption, bilaterally enlarged glands may be a good indicator for initiating antituberculous therapy. In this context, physicians should be aware of the occurrence of adrenal tuberculosis in which adrenal insufficiency occurs without signs of tuberculosis. This could be demonstrated by enlarged glands seen in CT scanning or directly by laparotomy [9] . Other etiologies of Addison's disease with enlarged adrenal masses are also possible. Although it was rarely reported in Japan, histoplasmosis and blastomycosis cause granulomatous adrenalitis disease [4, 16] . Adrenal metastasis in cancer also causes Addison's disease with an enlarged adrenal mass.
In summary, adrenal CT scanning is clinically useful in distinguishing between idiopathic and tuberculous Addison's disease: a finding having important implications in terms of initiating treatment.
